appear year after year in the Reports of the Commissioners in Lunacy is a gigantic waste of time and labour. The statistics are of no value at all for any practical or scientific purpose. As far as my own observations of the family history of the insane go, they seem to show that, in some families, the insane memlbers are distributed approximately in accordance with Mendelian rules, and in some they are not. In some cases insanity seems to appear de nzovo, as a mutation, in families in which it has not appeared before. In others it is clearly a variation-an exaggeration of a normially variable qualitv. In the former case, we see families in which insane members exist side by side with others who are thoroughly sane; in the latter we see all the miiembers of the family exhibiting various degrees of unsoundness. I amn convinced, moreover, that in some cases of faiilly insanity the heritable qualitv is not insanity itself, but a special liability either to the production of toxins or to the action of toxins on the brain.
It is clear that if ouir investigations into the influence of heredity on insanity are not to be as barren in the future as they have been in the past, our methods must be entirely remodelled. Not onlv must we guard against the fallacies I have indicated, not only must we cease to posit untrustworthy inferences as observed facts, but the facts collected miiUst include not only the existence of other cases of insanity in the famiilies of the insane; not only a numerical record of these instances; b)ut, in addition, a numerical record of the sane lmembers of such families, and numerical records of both the sane and the insane members of the families of the sane. When these data have been collected on a large scale, then, and not unltil then, shall we begin to be able to draw trustworthy conclusions as to the influence of heredity on insanity.
Dr. ARTHUR LATHAM 1: Our knowledge on the influence of heredity upon tuberculosis is not precise. We can do little more than state certain more or less well-established facts and suggest possibilities. W;Ve know that the transmission of the tubercle bacillus from parent to child in utero is more cominon than was at one tinme supposed, but that it is so rare that it is a negligible factor. Certainly the numiiber of instances in which there is clinical evidence of tuberculosis at birth is smlall. Thus, Schleuter in 1902 only succeeded in collecting twelve well-authenticated cases in man and seventy in animals. The theory that the children of tuberculous parents are born with tubercle bacilli within their bodies, and that these remain latent for years, is unsupported Dr. Lathain opened the discussiorn with regard to tuberculosis. by evidence. It is in all probability true that several years may elapse between the date of infection and the appearance of definite clinical signs or symptoins, but it is inmpossible to prove that such infection took place before birth and not afterwards. We find that in the great majority of instances the organs of fetuses born of tuberculous mothers give negative results when inoculated into guinea-pigs. If we neglect the rare instances of the hereditary transimission of the germ, what view are we to take of the theory that the soil is transmitted, that there is an hereditary transmission of predisposition, constitution, or diathesis fromn tuberculous ancestors to their descendants? Modern knowledge has nmade such a theory less and less probable, for it is becoming clearer that the domninating factor in the incidence of tuberculosis is the opportunity for infection. We know of no instance of a naturally refractory animal or of an artificially imiimunized animal which is proof against infection bv a sufficiently large dose of a sufficiently virulent strain of tubercle bacilli. Clinical experience leads us to the same conclusion in man. A general review of our knowledge shows that the greater the opportunities for infection the greater is the incidence and mortality of tuberculosis. It is difficult to give clear evidence of this, for the effect of environmnent cannot be wholly eliminated. Environment, however, merely acts by lowering the vitality, and so mnakes a smaller dose of bacilli effective and dimiiinishes the immi-unizing capacity of the individual. The differing incidence of tuberculosis in different trades and in clean houses as against similar but dirty houses are suggestive of the l)art played by infection. So, too, are Cornet's investigations upon the death-rate from tuberculosis among certain religious orders devoted to nursing. In a review of thirty-eight cloisters embracing the average number of 4,028 residents, there were 2,099 deaths in twenty-five years. Of these no fewer than 63 per cent. were due to tuberculosis. Conversely, we know that by limiting the opportunities for infection we can practically limit the incidence of the disease. Bang's classical experiment proves this. This observer isolated the calves born in a tuberculous herd, and in this way was able to establish a herd which was free from tuberculosis. The same thing is shown by the effect produced by active preventive measures in imian. Of recent years muore active preventive measures have been adopted in New York City than in other great towns. As a result there has been a more rapid fall in the tuberculous death-rate in New York than in any great city in the world, and, what is of interest to this discussion, there has been a decrease of 40 per cent. in the death-rate in children aged under 1)5 -Royal Society of Mledicine from pulmilonary tuberculosis and tuberculous miieningitis during the last ten years, notwithstanding the extraordinary difficulties-chiefly due to the immigrants-present in New York.
We know that infection can always be effective, no matter what the rnan's diathesis is, under certain circulmistances. Wc also know that in animals and in man the capacity for resistance differs in different individuals. Whether this difference of capacity for resistance depends on inherited characteristics or not in some instances, we know that whatever the resistance of a man may be to start with, it can be profoundly modified by various agencies. It is an established fact that a high imlortality from tuberculosis in any commiiiunity is always associated with inmperfect sanitary conditions. Again, anything which leads to malnutrition leads to a lowered resistance, and, in consequence, an increased mortality from tuberculosis. This is shown by the increase of tuberculosis which is associated with widespread unenmployment and with overcrowded poor districts. Chronic diseases which are characterized by loss of nutritive capacity are stated to be associated with an excessive percentage of tuberculosis. Thus the incidence of tuberculosis is excessive in the insane, and the death-rate fronm pulmonary tuberculosis in young persons suffering from diabetes is stated to be greater than it is in non-diabetic persons of the same age. The influence of environmlent or disease would appear to act chiefly by lessening the resistance to infection and to be perhaps chiefly inmportant in its effect upon the course of the disease. Environnment in its most comiiprehensive terimi lessens the resistance to the disease, and hence it causes a greater number of persons to become victinms of the ubiquitous infection. More imrlportant still, it reduces the immnunizing capacity of these victillms, and hence persons who, under better conditions, would have acquired a partial iimmunity and so have been cured of the disease fail to get well, and by acting as carriers of the infective material lead to an increased incidence of tuberculosis. The influence of environment on the course of the disease was well demonstrated by Trudeau, who found that rabbits inoculated with tuberculosis rapidly died if they were kept in a dark daimip place, whilst others inoculated in -the same way but allowed to run wild usually recovered. Similarly it is stated that efficient-drainage of the soil at Salisbury, Ely, and Rugby was at once followed by a reduction in the mortality of pulmonary tuberculosis of 49 per cent., 47 per cent., and 43 per cent. respectively. The part played by infection and by environment are important when we come to the question whether persons who suffer from tuberculosis Latham: Heredity and Disease transmit a predisposition to this disease, because it is imllpossible to say whether these two factors have been given their true value in the various investigations made on this subject. Fornmerly the miiedical profession were convinced that a tuberculous taint was transmitted from one generation to another. At the present time our opinions are less dogmatic. If we look at infective disease as a whole we find little evidence on which to base the opinion that predisposition to infective disease is transmitted from parent to child. In syphilis it is true that the disease is transmitted in certain instances to the next generation. Such transmission is less frequent according as the parent has been adequately treated-that is, it varies directly with the degree of iml-munity acquired by the parent. Further, just as congenital cases of tuberculosis are due to the direct transmission of the tubercle bacillus, congenital syphilis is due to the direct transmission of the kSpilrocheta cptllida . Lastly, inherited syphilis in the third generation is not an accepted fact. Those who hold that there is an hereditary predisposition to tuberculosis base their opinion largely, if not wholly, on statistics which purport to show the incidence of the disease-and chiefly of only one clinical formi of the disease in families of a tainted stock as compared with its incidence in families of an untainted stock. Several objections, apart from the difficulty of excluding the influence of greater opportunities for infection and the influence of environment, may be brought forward to show that such statistics are probably misleading.
(1) These statistics are nearly all based on comparatively small
figures. It is probably owing to this fact that the estimates given by different authors vary greatly. Thus the estimates of the number of persons who have an hereditarv predisposition to tuberculosis is variously given as being from 10 per cent. to 80 per cent. of the general comimiiiunity.
(2) The statistics are based on answers obtaine(d fromii individuals as to the cause of death or the occurrence of tuberculosis in their ancestors anid relatives. In miiost investigations the answers given by uneducated people are accepted with little reserve. Hospital experience has shown us that such data are quite unreliable in the lower middle and poorer classes. An insurance experience which brings nearly 4,000 family histories annually before my notice has convinced me that even intelligent members of the upper classes are strangely ignorant of the diseasehistory of their families, and that their statements as to the cause of death are frequently unsubstantiated by further investigation. Most -nedical men will agree with me when I assert that statistics as to the incidence of tuberculosis which are based on the statements of relatives are absolutely unreliable.
(3) Most of the faillly histories collected on this hearsay evidence are incomiiplete. In nearly all investigations children or others whose life-history is not at an end are included. In view of the fact that there is good clinical evidence to suggest that infection may occur and y\et not ,ive rise to the clinical symaptoms of the disease for some years, it is clear that if we are to have a complete picture we must have coinpleted family histories.
(4) These statistics are all confined to the influence of one example of tuberculosis-namiiely, the pulm-lonary formii-and in nlost, all reference to the occurrence of tuberculosis of the glands, boones, joints, testicles, 'eritoneunin, &c., is omitted. Recent researlch has shown that the organ ol tissue whiclh miaV happen to be infected is lar-gely a matter of chance, whlich is detelrlined chiefly by the portal of infection and partly by the age of the affected personi. The differences due to the age of the affected person would appear to be dependent in part upon the distribution and arrangement of the lyvmiphatic system-n at various periods of life. The transmission of anv (lefective resistance to tuberculosis is probablv independent of the fact whetlher we are dealing withl pulmonary or bone tuberculosis, for it is no uncommlinon thing to find three or four different formiis of tuberculosis in one and the samie family. It has become clear that if we aie to lhave clean evidence on the subject of the transmissioni of ani lhereditar-y predisposition in this disease we must not confine our atteIntion to exalmlples of pulmonary tuberculosis, but must eimlbrace all forimls of tuberculosis in our inquiries, more especially whenl we rememlber that all the various forms are capable of producing, and eventually oftemi (1o produce, the pulhonary formn in their host.
(5) The statistical investigations are confined to tuberculosis which has been associated with definite clinical signs, and no differentiation has been imade between persons who have becom-le cured, and have therefore acquired a partial inmmunity, and those who have been unable to imlake any effective resistance to the disease. Further, all reference has been omitted to cases of pulmonary tuberculosis which have become spontaneously healed (cases, that is, in which a partial immunity has been acquired) without showing any evidence of the disease during life. How frequently tuberculosis undergoes a spontaneous cure, and in a large proportion of cases without ever having been detected during life, is shown by pathological records. It is generally allowed that there is evidence at death of tuberculosis having occurred in at least 30 per cent.
Lathaini: Heredity atnd Disease to 50 per cent. of the comilunity, and that the proportion increases with age-that is, as the risks of infection increase. Somie authors go further, and miany of us will be inclined to agree with them; thus Naegeli found evidence of tuberculosis in 97 per cent. of 500 consecutive autopsies, and Osler has stated that if a systeniatic laboratory investigation is nmade tuberculous lesions are found in practically 100 per cent. of adult bodies. It is highly probable that persons who have acquired a partial immunity and have overcomie the infection and persoins who are unable to acquire any real imlmunity or to offer real resistance to the disease have different effects on their descendants. It is possible that one might represent the long plants which have beeni investigated by Mendel, and the other the short plants.
It is clear to my mind that statistics which are based largely on old wives' recollections, on uncompleted family records, on a selected formi of the disease, and in which no reference is miiade to the fact whether any immunity has been acquired or not, cannot give us a scientific insight into the question of an hereditary predisposition. It is also clear that any statistical investigation, if it is to be scientific and not futile, must be based on adequate post-nortemn records of the grandparents, and parents, and every meinber of the family.
If we consider the statistics which are based on family histories, and to the value of which I have brought forward the above objections, what do we find ? Dr. Shrubsall, who has investigated the records of the Brompton Hospital, will tell you that it is difficult to arrive at any definite conclusion. Professor Karl Pearson's investigation, which is perhaps the nost recent and careful one, but which has mi-any of the faults to which I have alluded, is based on between 200 and 300 fairly complete family histories. Professor Pearson holds that lis figures show that 50 per cent. of the offspring of tuberculous parents become affected with tuberculosis, and adds that he is inclined to think that the theory of infection does not account for the facts, and that constitution or diathesis means almost everything for the individual whose life cannot be spent in selfprotection. If we allow that 50 per cent. of the offspring of those suffering fromn pulmonary tuberculosis eventually suffer from this form of the disease owing to their inherited want of resistance, we should, I think, expect a progressive increase in the total incidence of the disease and a progressive increase in the total mortality in this country, provided we bear in mlind the increase of population. Now, what do we find? Pathological evidence shows that imiost of us have sufficient resistance power to overcome the infection. In spite of the fact that all of us are infected the statistics of this country show that each decade we are m-ore able to resist the disease. The Registrar-General's statistics show that the total annual deaths from pulmonary consumption have fallen from 59,005 in 1838 to 39,746 in 1906, in spite of the enormous increase of the population during that period, and that the death-rate from this disease per 10,000 living has been reduced during that period from 38 8 to 11A5. The factors of immigration and emigration cannot have affected these figures, for tuberculosis is an almost universal disease, and the incidence in England and Wales is less than in nmost countries. It might be that this enormous decline depended on the comparatively early death-rate of consumptives and their lessened capability for producing children, but we find that from 1851 to the present time the age of maximum-n mortality fromil pulimionary tuberculosis has risen in males froni between 20 and 25 to between 45 and 55, and in females from between 25 and 35 to between 35 and 45, and that therefore the capacity for consumptives to produce famnilies and to transmit the predisposition, if it exists, has been very largely increased.
It is difficult to correlate these facts, which are based on large and probably fairly correct figures, with the assumption that an inherited predisposition to consumption is transmitted from one generation to another. They certainly suggest that further investigation of a more scientific kind is required before we can usefully draw conclusions from the statistical investigations which purport to show that there is an inherited predisposition to this disease. It is difficult to account for the progressive fall in the incidence of consumption. Still, it is worth while to make the atteinpt. Dr. Bulstrode has shown that the fall has been gradual and continuous. He has further shown that such things as the Public Health Act of 1875, the discovery of the tubercle bacillus, the Housing of the Working Classes Act, and the commenceinent of notification and sanatorium treatment have produced no immllediate or unusual fall. There can be no doubt that during this period the power of preventive measures, which I have already shown can definitely affect the mortality from the disease, has had its effect. The limitation of the opportunities for repeated infection, perhaps miiore especially by segregation, to which Dr. Newsholme has drawn attention, mnust be credited with some part of this linprovement. The better conditions of living now prevalent must have played some part in raising the resistance of the nation. Few will, I think, deny that part of this diminished nmortality is due to improved inedical knowledge and improved methods of treatinent. It is unquestionable that a larger proportion of Latlhaim: I-eredity and Disease consumnptives has been cured in the popular sense of the term during this period than formerly. As we are all, or nearly all, infected at some period of our lives this tends to show that we have acquired a greater resistance to the disease. In otherwords, a larger proportion of sufferers have acquired at any rate a partial immunity to tuberculosis.
Is it impossible that these people have transmitted a )artial immunity to the disease to their descendants? This view was suggested by Dr. H. Maxon King at the London Congress on the basis of observations on 242 cases of tuberculosis which occurred in h-is own practice. It has so far received little consideration, but it merits investigation, for if there is any truth in it, it affords suggestive evidence to account for the fall in mortality in nations where adequate preventive measures are taken, and amongst which an increasing number of people are cured of the lisease, and so acquire for themselves a partial immunity.
Calmette's experiments throw a little light on this part of the (luestion. This observer has shown that if an animal is infected witlh a dose of bacilli which is just sufficient to cause a lesion with which the aniimal is capable of dealing and from which it recovers, it is a matter of some difficulty to affect that aninal with subsequent larger doses, at anv rate of more difficultv than in the case of an animal which is, in the first instance, given a dose which is sufficient to produce a caseating lesion-that is to say, the first animal has acquired a partial immliiunity. The same thing is often seen in medical practice; for example, a child who has suffered froni tuberculous glands and has got well is less likely, in our experience, than others to suffer from pulmonaryv tuberculosis in adult life. Man is therefore capable of acquiring a partial immunity to tuberculosis. Can he transmit this'? As the iuiiinunity is partial we cannot expect much result in one generation if it is transmitted, but a succession of generations of persons with acquired immunitv might lead to some transmission. In a community in which opportunities for infection are limited as much as possible, and in which adequate medical treatmiient is rewarded by an increasing proportion of arrested cases-that is, of cases with an acquired immunity -it would appear that the incidence of the tuberculosis diminishes. In a conimunity in which fewer preventive measures are taken, and in which nmedical treatment is rewarded by fewer cases in which a partial immunity is acquired, the incidence of the disease does not show the same steady diminution, but, as in Ireland, tends to increase.
If we look at infective disease as a whole, there is some evidence to show that when such a disease has been endemic-as opposed to epidemic in a commiriunity for a long period of time it tends to becomiie of a iilder type. Thus syphilis is held by some to have becoilme, in Mr. Jonathan Hutchinson's words, a imiuch less virulent malady in Portugal fronm this cause. The same thing is held to be true of smilallpox, mleasles, and scarlet fever. Conversely, there is some evidence to show that when an infective disease is introduced to a new coinl-'nunity-a virgin soil-it is of a milore severe and fatal type than when it occurs in a community which, through inany generations, has beeni accustomied to its prevalence. An examiiple of this is the introduction of measles to the Fiji Islands in 1875. The natives had not previously suffered froi this disease, and this epidemic produced 20,000 deatlhs in four mionths. Another exainple is the introduction of syphilis to Greenland. So far as tuberculosis is concerned, M. Cornil has reported that the natives of Patagonia did not know pulmonary tuberculosis before the installation of the English mnission. The m:iissionary's wife suffered from consumption. She collected a numnber of native children round her who were better fed, clothed, anid housed than their brethreni. In spite of this " a veritable epidemie of acute phthisis " appeared in their midst. M. Cornil states that the history of colonization shows many other examples. One further instance is the report that of late years the incidence of tuberculosis has mliade enormous strides am-longst the native population of South Africa, who, a few years ago, were practically free from the disease. It is suggestive in the light of the above that Dr. Shrubsall has found, and my own experience is the same, that anl Englishinan who contracts tuberculosis in the East, such as Singapore or a Chinese station, usually offers less resistance to the disease than the Englishman who contracts it in his own country, in spite of the fact that the consular reports seenm to show that in the natives of these countries the disease is of a comparatively nild type.
My purpose has been to show that our knowledge on the subject of any hereditary influence on tuberculosis is far froi-m cormciplete.
Certainly the evidence in favour of an inherited predisposition is not sufficiently strong to make me vary nmy practice of refusing to advise those who have suffered from pulmuonary tuberculosis, and who have acquired a partial imimunity in the process of the arrest of the disease, to refrain from marriage. A general survey of the whole subject suggests that the following conclusions are not wholly wide of the mark (1) The hereditary transmlission of the gernm is so infrequent that it is a negligrible factor. a5'3
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(2) The incidence of tuberculosis depends in the main on two factors: (a) exposure to infection, which in turn is governed by the dose received and the virulence of the particular strain of bacillus; (b) the undermining of the resistance of the individual by insanitary conditions and by disease.
(3) The more adequate the preventive measures taken in any community the less are the incidence and mortality of the disease.
(4) The more adequate the medical treatment-that is, the greater the proportion of persons in whom the disease has been arrested, and who have thereby acquired a partial immunity-the less are the incidence and mortality of the disease.
(5) As at death we all, or nearly all, show evidence of having at some time been infected with tuberculosis, and as most of us are able to overcome the infection, it is clear that the diminished opportunity for repeated infection, brought about by preventive measures and better medical treatment in this country, cannot wholly account for the diminishing incidence and mortality of the disease.
(6) There is some evidence to suggest that the diminishing incidence and mortality of the disease may be in part due to a partial immunity inherited in the course of generations from tuberculous ancestors in whoii the disease has been cured.
(7) The theory that there is an inherited predisposition to tuberculosis is based on insufficient evidence.
Professor KARL PEARSON, F.R.S.: Mr. President and Gentlemen,-I feel great hesitation in speaking to-night, because I occupy a sort of third position which is hardly recognized, on the one hand, by the medical profession, nor, on the other hand, by the biologist-namely, that of the mathematician or statistician. I fancy, however, that most of the cases that we have seen on the screen and heard discussed during the last two evenings call for some slight aid from the mathematician if the results are to be logically interpreted. At the same time he is liable to make very serious blunders if he goes without the biologist on one side and the medical man on the other. The mathematician admits that at present he can only progress with the help of these crutches on either side. I have to thank Dr. Latham for courteously sending me a copy of his paper, but I am afraid I have not had time to consult medical friends with regard to several points in it.
Before I go on to discuss tuberculosis I should like to allude to one or two matters which I have heard mentioned during these two evenings.
